At tea fields in Shimada in Shizuoka Prefecture, a mating disruptant composed of (Z)-11-tetradecenyl acetate (trade name: Hamaki-con) had been used for controlling Adoxophyes honmai (Yasuda) annually since 1983. In 1986, four years after use of the disruptant was initiated, the disruption percentage of pheromone trap catches was 96%, and a high control effect was observed. However, from 1996 to 1998, 14 to 16 years after treatment was started, the percentages became less than 50%. When the disruptant was applied in other tea fields where it had not been previously used, the disruption percentages were over 99%. These results strongly suggest the possibility that a selection pressure caused by continuous use of the disruptant should have caused the low disruption percentage in Shimada. We propose that the phenomenon be termed "resistance" to a mating disruptant composed of (Z)-11-tetradecenyl acetate in A. honmai. When the sex pheromone blend of A. honmai, 63 : 31 : 4 : 2 mixture of (Z)-9-tetradecenyl acetate, (Z)-11tetradecenyl acetate, (E)-11-tetradecenyl acetate and 10-methyldodecyl acetate (4-component blend), was applied as a disruptant for the "resistance" population, the disruption percentage was 99% and the larval density in the next generation decreased. These results suggest that the 4-component blend is useful as a control tool for the "resistance" population.
INTRODUCTION
Chemical control of the smaller tea tortrix, Adoxophyes honmai (Yasuda), became difficult in the early 1980's because they developed resistance to many kinds of insecticides. The sex pheromone of A. honmai was identified as a four-component mixture of (Z)-9-tetradecenyl acetate, (Z)-11tetradecenyl acetate, (E)-11-tetradecenyl acetate and 10-methyldodecyl acetate (Tamaki et al., 1971 (Tamaki et al., , 1979 . Tamaki et al. (1983) indicated that the mating disruption effect of (Z)-11-tetradecenyl acetate was higher than that of the sex pheromone in a field cage experiment. Ohtaishi (1986) demonstrated that the chemical had a disruption effect for both A. honmai and Homona magnanima (Diakonoff) in field experiments. A mating disruptant composed of (Z)-11-tetradecenyl acetate as the ac-tive ingredient was registered in Japan in 1983 (trade names: Hamaki-con or Nitosafu-Hamaki).
The disruptant was applied every year to tea fields at Shimada in Shizuoka Prefecture, and damage by A. honmai was controlled to low levels until the late 1980's (Ogawa, 1990) . However, infestation of A. honmai has been increasing again since the summer of 1994 in Shimada, and the disruptant seems to have become less effective. For this reason, the disruption percentages of pheromone trap catches from 1996 to 1998 in Shimada were examined and compared with those in 1986. They were also compared with those in other fields where disruptant had not been used in the past. Moreover, we examined disruption and control effect of a disruptant composed of a 4-component blend of A. honmai in tea fields in Shimada.
MATERIALS AND METHODS
Chemicals. (Z)-11-Tetradecenyl acetate (Ͼ92%), and a 63 : 31 : 4 : 2 mixture of (Z)-9-tetradecenyl acetate (Ͼ94%), (Z)-11-tetradecenyl acetate, (E)-11-tetradecenyl acetate (Ͼ93%) and 10-methyldodecyl acetate (Ͼ98%) were used as active ingredients for mating disruption experiments. Herein, the former and latter are abbreviated as "Z11-TDA" and "4-component blend", respectively. "Z11-TDA" contained 5.2% (E)-11-tetradecenyl acetate as an impurity on average. All chemicals were products of Shin-Etsu Chem. Co. Ltd. (Tokyo, Japan).
Pheromone dispenser. Four types of polyethylene tubes (types A-D) containing active ingredients were used as pheromone dispensers. In Table  1 , the inner diameter, length, amount, average release rate per tube, application rate per ha, average release rate per ha and life are shown. Pheromone dispensers were hung on twigs about 20 cm under the tea canopy.
Disruption percentage of pheromone trap catches. A sticky trap (SE trap, Sankei Chemical Co. Ltd., Kagoshima, Japan) baited with a lure for A. honmai (SE lure for the smaller tea tortrix, Shin-Etsu Chem. Co. Ltd., Tokyo, Japan) was set at a height of about 1.5 m at the center of each field where pheromone dispensers were treated and untreated. The lures were made of white rubber septa (Ardrich Chemical Co. Inc., Milwaukee, WI 53201, USA) impregnated with 5 mg of a 13 : 7 : 1 : 40 mixture of (Z)-9-tetradecenyl acetate, (Z)-11tetradecenyl acetate, (E)-11-tetradecenyl acetate and 10-methyldodecyl acetate, based on Tamaki et al. (1980) . Sticky plates were replaced depending on the numbers of trap catches or the condition of the sticky surface, and lures were replaced every month. A trap without a lure (blank trap) was also set 5 m away from each pheromone trap to check the rate of accidental catches. The numbers of trap catches in these traps were checked every 3 to 10 days. Numbers in the blank traps were subtracted from the trap catches to obtain net trap catches. Disruption percentage of pheromone trap catches was calculated as follows.
where, A: numbers of trap catches in the disruption field, and B: numbers of trap catches in the no treatment field.
Survey of larval density. Fifty sites were selected arbitrarily in each field, and all leaves on the canopy of tea plants within 50 cm square were checked to count the numbers of A. honmai larvae at each site.
Field test of mating disruption in Shimada (Shizuoka Pref.) in 1986. Pheromone dispensers made of type A with "Z11-TDA" were set in a tea field (0.3 ha) in Shimada on 31 March 1986 (Table  2) . Four years had past since the use of the mating disruptant was started. Additional dispensers were set on 27 June and 17 September because of the short life of the type A tube (Table 1) . A tea field without pheromone dispensers (no treatment field) was set up about 500 m away from the disruption field. Disruption percentage in the "Z11-TDA" treated field was examined, and fluctuations of larval density in both treatment and no treatment fields were surveyed for each generation.
Field tests of mating disruption in Shimada (Shizuoka Pref.) from 1996 to 1998. Type C pheromone dispensers with "Z11-TDA" were set in tea fields (6.0 ha) in 1996 where "Z11-TDA" had been used for 14 years (Table 2 ). In 1997 and 1998, type B dispensers with "Z11-TDA" were set in 2.1 ha of the 6.0 ha fields. No additional dispensers were used because the life of the dispensers was long (Table 1) . Tea fields without pheromone dispensers (no treatment fields) were set 50 m away from the disruption fields. Pheromone trap catches in all test zones were monitored for the three years, and the disruption percentages in each year were examined.
Field tests of mating disruption in Ube (Yamaguchi Pref.), Iruma (Saitama Pref.) and Suzuka (Mie Pref.) from 1996 to 1998. Experiments were carried out in three tea fields, where "Z11-TDA" had not been treated in the past (Table 2 ). In tea fields (1.5 ha) of Ube, pheromone dispensers of type B and D with "Z11-TDA" were set in 1996 and 1997, respectively. A tea field (0.5 ha) in Iruma was divided into two areas, and type B and D dispensers with "Z11-TDA" were set in 1997. In Suzuka, type B dispensers with "Z11-TDA" were set in 0.2 ha of tea fields in 1998. The "Z11-TDA" adopted in these field tests was manufactured in the same factory as that used in Shimada from 1996 to
1998. Tea fields without pheromone dispensers (no treatment fields) were located 50 to 200 m away from the treated fields. Disruption percentages in each test field were examined. Disruption effect of "4-component blend" following continuous use of "Z11-TDA" in Shimada. On 8 April 1997, type C dispensers with "Z11-TDA" were set in 1.4 ha of tea fields in Shimada, where 15 years had passed from the first use of "Z11-TDA" (Table 3) . On 27 June 1997, all dispensers were removed from the fields, and then type B dispensers with a "4-component blend" were set in the same area. The adjacent fields were treated with "Z11-TDA," as shown in Table 2 . No treatment field was selected 50 m away from the disruption fields. The numbers of pheromone trap catches in the test fields were monitored from 8 April to 16 October, and disruption percentages in "Z11-TDA" and "4-component blend" treatments were examined. Larval density from the first to third generations was also surveyed.
RESULTS

Field test of mating disruption in Shimada (Shizuoka Pref.) in 1986
The numbers of trap catches throughout the season in "Z11-TDA" and no treatment fields were 51 and 1,214, respectively, and the disruption percentage was 96% (Table 2 ). Larval density in the "Z11-TDA" treated field from overwintering to the third generation decreased almost linearly, whereas the density in the no treatment field showed a gradual increase (Fig. 1) . 
Field tests of mating disruption in Shimada (Shizuoka Pref.) from 1996 to 1998
Seasonal prevalence of occurrence by pheromone trap catch from 1996 to 1998 is shown in Fig. 2 . There were four generations in a year, and many moths were catches in the traps in "Z11-TDA" treated fields. The numbers of the trap catches in "Z11-TDA" and in the no treatment fields were nearly equal from September 1996 to July 1997. Disruption percentages of pheromone trap catches throughout each season in 1996, 1997 and 1998 were 47%, 21% and 48%, respectively (Table 2) .
Field tests of mating disruption in Ube (Yamaguchi Pref.), Iruma (Saitama Pref.), and Suzuka (Mie Pref.) from 1996 to 1998
In Ube, disruption percentages of pheromone trap catches in 1996 and 1997 were both 99% (Table 2 ). In Iruma and Suzuka, these percentages were 100% and 99%, respectively.
Disruption effect of "4-component blend" following continuous use of "Z11-TDA" in Shimada
The pheromone traps in "Z11-TDA" treated fields in Shimada caught many moths from 8 April to 26 June in 1997 (Fig. 3a) . Disruption percentage within the period was 26% ( Table 3) . Peaks of trap catches in the "Z11-TDA" treated fields and no treatment field were nearly equal by the end of June (Fig. 3a) . However, the numbers of pheromone trap catches in the field where "Z11-302 F. Mochizuki et al. 1 . Larval density of Adoxophyes honmai in a tea field treated with mating disruptants composed of (Z)-11-tetradecenyl acetate ("Z11-TDA") in Shimada (Shizuoka Prefecture) in 1986. OW: overwintering. Fig. 2 . Pheromone trap catches of Adoxophyes honmai in tea fields treated with mating disruptants composed of (Z)-11tetradecenyl acetate ("Z11-TDA") in Shimada (Shizuoka Prefecture) from 1996 to 1998. There are no data for the no treatment field from 15 June to 10 July in 1998. TDA" was replaced by a "4-component blend" decreased after July, although the catches in the "Z11-TDA" field increased. Disruption percentage during the period from 27 June to 16 October ("4component blend" used) was 99% (Table 3) .
Larval density in each field is shown in Fig. 3b . The density in the field where the "Z11-TDA" was replaced with the "4-component blend" reduced to 2.4 larvae/m 2 (third generation), although it had been 4.6 before (the second generation). On the other hand, the density in "Z11-TDA" treated and untreated fields both increased in the third generation compared to the second generation.
DISCUSSION
When (Z)-11-tetradecenyl acetate, one of components of sex pheromones of Adoxophyes honmai, is released into the atmosphere where moths live, their sexual communication is disturbed. This decreases the rate of mating (Hirai et al., 1974; Tamaki et al., 1983) , which in turn leads to a reduction of the larval density in the next generation (Ohtaishi, 1986) . Disruption rate of pheromone trap catches has been utilized to estimate the efficacy of the disruptant (Ohtaishi, 1986) , and field experiments suggest that the rate needs to be more than 95% for economic success of reduction in the larval density (Mochizuki, unpublished data) .
"Z11-TDA," (Z)-11-tetradecenyl acetate, as an active ingredient was registered in 1983 in Japan, and thereafter the disruptant was used for control of A. honmai every year in tea fields in Shimada (Ogawa, 1990) . In 1986, four years after the regis-tration, the disruption percentage of pheromone trap catches was 96%, and larval density was suppressed by the treatment (Table 2 and Fig. 1 ). Thus, "Z11-TDA" was effective against A. honmai. However, from 1996 However, from to 1998 to 16 years after continuous use of the disruptant, the disruption rate of trap catches declined to less than 50% ( Table 2) . The amount of synthetic sex pheromone released from the pheromone dispenser is highly affected by temperature and wind velocity, which affect the rate of mating disruption (Otaishi et al., 1991) . For example, there are cases that the release rate becomes temporarily low, as a result of strong winds of typhoons, or that the release rate gradually decreases because of caused low temperature at night from the end of summer to autumn (Mochizuki, unpublished data). However, low disruption percentages in Shimada from 1996 to 1998 were not temporary, nor limited to autumn, but were observed throughout whole seasons (Fig. 2) . This suggests that the low disruption percentage was not caused by climatic conditions. When "Z11-TDA" was treated in tea fields in Ube, Iruma and Suzuka, where it had not been used in the past, the reductions of trap catches were over 99% from 1996 to 1998 (Table 2) . Low percentage occurred only in Shimada. These results strongly suggest the possibility that a selection pressure caused by the continuous use of "Z11-TDA" led to the emergence of a new population, which has low sensitivity to the disruptant. We propose that the phenomenon be termed "resistance" to the mating disruptant composed of (Z)-11-tetradecenyl acetate for A. honmai. This is apparently the first such case, even though over 30 kinds of mating disruptants are used in about 500,000 ha of fields throughout the world (Ogawa, 1998) . All commercially available disruptants except for Hamaki-con or Nitosafu-Hamaki are composed of attractive compounds of target pests. There is a necessity to be cautious about the emergence of "resistance" populations, when a disruptant is composed of a part of a sex pheromone.
Trap catches of "resistance" population of A. honmai decreased markedly after treatment with the "4-component blend" (Fig. 3a) , and the disruption rate of trap catches became 99% (Table 3) . Larval density in the third generation after treatment of the "4-component blend" was reduced to about 50% that in the second generation (Fig. 3b ), whereas the density in "Z11-TDA"-treated and no treatment fields increased by 2.5-fold and more than 10-fold, respectively. These results suggest that the "4-component blend" is useful as a control tool for the "resistance" population.
